ABSTRACT: Sharks may have an important role in marine ecosystems in relation to populations of fish and invertebrates at lower trophic levels. Fishery management plans stress the need for an ecosystem approach, but few quantitative studies on the foraging ecology of sharks have been published. Stomach contents and catch data of early life stages of Atlantic sharpnose Rhizoprionodon terraenovae, blacktip Carcharhinus limbatus, finetooth Carcharhinus isodon, and spinner sharks Carcharhinus brevipinna taken from fishery independent surveys in Apalachicola Bay, Florida, USA, were examined to test for overlap in resource use. Young-of-the-year Atlantic sharpnose sharks were found to feed mainly on shrimp, juveniles on sciaenids, and adults on clupeids. Young-of-the-year blacktip sharks were found to feed mainly on sciaenids, whereas juveniles fed on clupeids. The primary prey of young-of-the-year and juvenile finetooth and spinner sharks was clupeids. Eight of 10 prey size-selectivity tests showed neutral selection. Compared to relative prey sizes published for teleost piscivores, Atlantic sharpnose and finetooth sharks consume relatively small-sized prey while blacktip sharks consume relatively large prey. Regardless of maturity state and species, diet overlap was high for species-life stage combinations that are similar in size; however, species-life stages did not show significant habitat overlap. Prey categories shared by similar-sized species may not be limiting, although shark species may have alleviated competition pressure by partitioning the resource of time or space.
INTRODUCTION
Sharks are considered top predators and may have an important role in the regulation of marine ecosystems at lower trophic levels (Cortés 1999 , Stevens et al. 2000 , Schindler et al. 2002 . As such, their removal from coastal ecosystems could cause a trophic cascading effect within the remaining community, possibly altering the abundance of lower trophic, fisherytargeted species (Jennings & Kaiser 1998) . Given this, it is important that accurate biological and ecological information be obtained to aid in assessing and monitoring of populations of sharks and their prey. The current Fishery Management Plan for sharks (NMFS 1999a) gives little consideration to ecosystem function because there is little quantitative species-specific data on competition, predator-prey interactions, and habitat requirements of sharks (NMFS 1999b) .
Nursery areas are hypothesized to provide substantial food resources in a low predation environment (Branstetter 1990 , Simpfendorfer & Milward 1993 ; however, a proposed disadvantage of several species After clearing sharks, the 100 m gillnet was stored on ice in a container below deck until returning to the laboratory where it was cleared of the remaining catch. Potential prey items were stored as previously stated and examined the following day.
Upon further investigation of stomach contents from 2001 and early-summer 2002, epibenthic prey were found to be important in the diets. Because gillnets were inadequate in sampling epibenthic prey, a 6.7 m (21 ft), semi-balloon otter trawl was used to sample prey sizes in the system during summer and fall 2002. The trawl was towed parallel to the shore at 2 knots for 10 min at depths of approximately 3 m. Catch was cleared from the trawl and potential prey were stored as previously described.
Further, the Florida Marine Research Institute (FMRI) Fisheries-Independent Monitoring program provided additional prey size data for Brevoortia spp. and Micropogonias undulatus from western Apalachicola Bay for June, July, and August 2001 (T. Tuckey, FMRI, pers. comm.) . FMRI samples were collected using an otter trawl and beach seine (http:// floridamarine.org/features/view_article.asp?id=20074).
Laboratory processing: Stomachs were thawed for 1 h, opened, and rinsed with water over a 595 µm (0.0234'') sieve. Prey items found in the stomachs were identified to the lowest possible taxon, counted, and weighed. When possible for teleost prey items, FL or TL were measured directly. When partial teleost prey or whole but digested teleost prey were present and length could not be measured directly, the partial prey measurements of body depth (BD), caudal peduncle depth (CPD), snout to operculum length (SOL), and/or total otolith weight (TOW) were measured and predictive equations (detailed below) were used to estimate original FL or TL. Digestion of otoliths can affect both the identification of prey species and reconstruction of original prey size (Jobling & Breiby 1986) . Otoliths taken directly from stomachs were examined for digestion (e.g. smooth edges). Otoliths that showed signs of digestion were not used to reconstruct prey size.
Potential prey items collected in the gillnets and trawl were separated, counted, weighed, and measured. FL or TL, BD, CPD, and SOL were measured. Sagittal otoliths were removed and TOW measured. Predictive equations were constructed relating potential prey length with BD, CPD, SOL, and TOW using least-squares regression analysis (Zar 1999, p. 326-333) . Equations were generated for gafftopsail catfish Bagre marinus, menhaden Brevoortia spp., sand seatrout Cynoscion arenarius, Atlantic croaker Micropogonias undulatus, and star drum Stellifer lanceolatus. These 5 prey species made up a significant portion of available prey and diets of sharks in the Apalachicola Bay system.
Analysis of stomach contents:
With the exception of finetooth and spinner sharks, shark diet was assessed by individual species and life stage. Diets of finetooth and spinner shark life stages were combined for young-of-the-year and juvenile due to low sample size and the consistency of diet with ontogeny. In all analyses, finetooth and spinner shark life stages will be referred to as juvenile. Diets of each shark species-life stage were quantified using 3 indices: percent by number (%N), percent by weight (%W), and percent by frequency of occurrence (%O). %N was calculated as the number of each prey type divided by the total number of prey items in the stomachs. %W of a prey type was calculated as the total weight of each prey type divided by the total weight of prey items in the stomachs. %O of a prey type was calculated as the number of stomachs containing the prey type divided by the total number of stomachs containing food. A fourth index, the index of relative importance (IRI), was calculated as the sum of the %W and %N multiplied by %O for each prey type [IRI = %O(%N + %W)]; the IRI for each prey type was divided by the total IRI for all prey items to get the index of relative importance on a percent basis (%IRI; Cortés 1997) .
To facilitate diet comparisons and standardize diet overlap analysis among the species-life stages, identifiable prey items were also categorized into 6 major prey categories (PC): (1) Family Clupeidae, (2) other pelagic teleosts, (3) Family Sciaenidae, (4) other epibenthic teleosts, (5) crustaceans, and (6) other invertebrates. The IRI on a percent basis was also computed for the 6 major prey categories (IRI% PC ).
Cumulative prey curves were constructed a posteriori for all species-life stages to determine if an adequate number of stomachs had been collected to accurately describe diets (Ferry & Cailliet 1996) . The order in which stomachs were analyzed was randomized 10 times and the cumulative number of new prey items was counted for each randomization. The total number of stomachs analyzed was plotted against the mean number of new prey items that were found in the stomachs. It has been suggested that the presence of angiosperms in shark stomachs is reflective of benthic feeding habits (Cortés & Gruber 1990 , Cortés et al. 1996 . For this reason, these items were considered incidental to prey capture and were not counted as unique prey items. All other identifiable prey items were counted as unique. When the curve reached a stable asymptote, then the number of stomachs analyzed was considered sufficient in describing dietary habits.
During a 1 h soak, sharks could be attracted to and feed on items already caught in the gillnets. To test for net-feeding bias in the diet index estimates, identifiable prey taken from stomachs were classified as fresh or digested. Fresh prey had no signs of digestion.
Digested prey were considered anywhere from partially digested (e.g. starting to lose scales or fins) to well digested (e.g. several small pieces remaining). %O of the 6 major prey categories was compared between fresh and digested categories for all shark species-life stages. If the %O of fresh prey items was similar to %O of digested prey items, then net-feeding was likely minimal and had little effect on diet index estimates (Buckel et al. 1999) .
Dietary overlap. Diet overlap matrices were constructed using Schoener's overlap index. The index: determines overlap (α), where p ij = the proportion of the ith resource (prey category) used by species j, and p ik = the proportion of the ith resource used by species k. Overlap index values range from 0 (no overlap) to 1.0 (complete overlap), and values equal to or greater than 0.6 are considered 'biologically significant' (Pianka 1976) . Dietary overlap was calculated using Ecological Methodology v 5.1 software 1 . All resources were assumed equally abundant and resource states were presented as IRI% PC .
Diet can be affected by changes in prey availability. Therefore, diet overlap was calculated by month (May to October) for 2001 and 2002. To avoid low sample sizes, overlap analysis was restricted to months when at least 3 stomachs contained identifiable prey for at least 2 of the 7 shark species-life stages. Months that met the requirements in 2001 were July, August, and September. May, June, July, September, and October met requirements in 2002. Annual diet overlap for each shark species-life stage combination was obtained by averaging monthly estimates for . Overall diet overlap (2001 for each shark species-life stage combination was obtained by averaging monthly diet estimates across years. For comparison, and ignoring prey availability issues, estimates of diet overlap for each shark species-life stage combination were also calculated using all diet data combined (1999 to 2002) .
In addition to using the arbitrary cutoff of 0.6, observed overlap values were compared to a distribution of expected overlap values based on a null model. The distribution of null model data came from 1000 randomizations of the 2001 and 2002 combined diet data (R3 randomization algorithm; Winemiller & Pianka 1990) . Simulations were performed using EcoSim v 7.41 software 2 . The observed value was considered statistically different from the null distribution if it was greater than or less than the simulated indices 95% of the time (p < 0.05) (Winemiller & Pianka 1990 ). An observed value less than the simulation index would suggest interspecific competition and diet partitioning among shark species-life stage combinations. A value greater than the simulation index would suggest a lack of competition among shark species-life stage combinations or strong competition that has not yet led to resource partitioning.
Habitat overlap. Gillnet data from fisheryindependent surveys off St. Vincent Island, Florida, from April through October 1996 to 2002 were used to assess habitat overlap of species-life stage combinations in the Apalachicola Bay system (J. K. Carlson, NMFS PC Laboratory, unpubl. data) . The survey design is described in Carlson & Brusher (1999) . Weekly sets were made at depths of 3 to 10 m using the 186 m multipanel gillnet. In 2001 and 2002, the 100 m multi-panel gillnet was also used to supplement sample collection.
Habitat overlap was calculated on a daily basis using Schoener's overlap index where the resource state was gillnet set. Analysis was restricted to dates between May and October 1996 to 2002 when at least 2 gillnet sets (either the 186 or 100 m gillnet or both) were made and at least 2 of the 7 shark species-life stages were captured on the same day. The proportion, p, was calculated using the number of a particular shark species life stage captured at gillnet station i divided by the total number of that particular species-life stage captured at all gillnet stations for that date. Seasonal habitat overlap was obtained for all species-life stage combinations by averaging daily estimates for a season for all years. Seasons were defined as: (1) spring (May), (2) summer (June, July, August), and (3) fall (September, October). Overall habitat overlap for all shark species-life stage combinations was obtained by averaging daily estimates across seasons and years.
Observed daily estimates of habitat overlap were compared to a distribution of expected overlap values based on a null model. Simulations were performed using EcoSim v 7.21 software 2 . The observed overlap value was considered significantly different from the null distribution if the observed value was greater than or less than the simulated indices 95% of the time (p < 0.05).
Prey size analysis. Prey size analysis was restricted to Atlantic sharpnose, blacktip, and finetooth sharks collected June through October of 2001 and 2002. All teleost prey types found whole in stomachs and reconstructed using regression equations were used in this analysis.
Size-selective feeding was examined by comparing sizes of potential fish prey from the field to sizes of prey that were recovered from stomachs. Because of low occurrence of measurable prey in the stomachs, (Zar 1999, p. 223-226) .
To estimate changes in prey size with increasing shark size, absolute prey size-predator size diagrams were plotted for each shark. To determine if increases in the mean prey size (as determined by the 50th quantile) resulted from an increase in the maximum or minimum (or both) prey size taken, quantile regression techniques (Scharf et al. 2000) were used to determine the upper and lower bounds (90th and 10th quantiles) of the relation between prey size and shark size.
To examine the patterns of prey size use among sharks, relative and cumulative frequency histograms of prey size-predator size ratios and scatter diagrams of prey size-predator size ratios versus predator size were created for each shark. Regression quantiles (90th and 10th) were generated to estimate the edges of the ratio scatter diagrams for each shark species. Here, trophic niche breadth was examined by determining the changes in the range of relative prey sizes with increase in predator size. This was assessed by visually examining whether the 90th and 10th quantiles were parallel, converged, or diverged.
RESULTS

Feeding habits
Atlantic sharpnose shark A total of 300 Atlantic sharpnose sharks were examined for dietary analysis from collections made April through October 1999 to 2002. Of these, 201 were young-of-the-year, 25 were juvenile, and 74 were adult.
Of the 201 young-of-the-year Atlantic sharpnose shark stomachs examined, 127 contained prey items and 74 (36.82%) were empty. Items found in stomachs included teleosts (6 species representing 5 families), molluscs (cephalopod squid and 1 species of gastropod), arthropods (decapod crustaceans), angiosperms (Halodule beaudettei), and unidentifiable algae ( Blacktip shark A total of 230 blacktip sharks were examined for dietary analysis from collections made April through October 1999 to 2002. Of these, 75 were young-of-theyear and 155 were juvenile.
Young-of-the-year blacktip sharks had the lowest percentage of empty stomachs. Out of 75 examined, 57 contained prey items and 18 (24%) were empty. Items found in stomachs included teleosts (7 species representing 6 families), arthropods (shrimp), and angiosperms (Thalassia testudinum) ( Table 2 ). Sciaenids (mostly Micropogonias undulatus; 57.29%IRI PC ) and clupeids (mostly Brevoortia spp.; 41.80%IRI PC ) dominated young-of-the-year diets. Prey items of little importance included other pelagic or other epibenthic teleosts (~0.9%IRI PC collectively) and crustaceans (less than 0.1%IRI PC ). Invertebrates other than crustaceans were absent from young-of-the-year blacktip stomachs.
Out of 155 juvenile blacktip shark stomachs that were examined, 66 (43%) were empty. Items found in stomachs included teleosts (10 species representing 10 families), molluscs (3 orders), arthropods (shrimp), and angiosperms (Halodule beaudettei) ( Half of the juvenile finetooth shark stomachs examined were empty; 55 contained prey items and 54 (49%) were empty. Items found in stomachs included teleosts (5 species representing 6 families) and arthropods (shrimp; and invertebrates other than crustaceans were absent from finetooth stomachs.
Spinner shark A total of 72 juvenile spinner sharks were examined for dietary analysis from collections made April through October 1999 to 2002. Of these, 48 were young-of-the-year and 24 were juvenile.
Half of the juvenile spinner shark stomachs examined were empty. Items found in stomachs included teleosts (3 species representing 4 families) and unidentifiable angiosperms (Table 4) . Clupeids (mostly Brevoortia spp.) dominated spinner diets (99.10%IRI PC ). Prey items of little importance included other pelagic and epibenthic teleosts (less than 1%IRI PC collectively). Sciaenids, crustaceans, and other invertebrates were absent from spinner stomachs.
Cumulative prey curves
In general, all species-life stage cumulative prey curves showed either well-defined asymptotes or trends toward an asymptote (Fig. 2) . This indicates that sufficient stomachs were examined to describe diets for most of the species-life stages. The cumulative prey curves for juvenile Atlantic sharpnose, blacktip, and finetooth sharks show only a trend towards an asymptote (Fig. 1b,e,f) ; more juvenile Atlantic sharpnose, blacktip, and finetooth shark stomachs may need to be examined to fully describe the diets of these specieslife stages.
Net-feeding
There was little evidence of net-feeding (Table 5) . Sciaenids were found more frequently fresh than digested in 4 out of 5 species-life stages of Atlantic sharpnose and blacktip sharks (Table 5a,b). Adult Atlantic sharpnose sharks showed some evidence of net-feeding on clupeids (Table 5a) . No other specieslife stage showed a major difference between fresh and digested prey categories. 
Diet overlap
Out of a total of 21 potential species-life stage combinations, mean annual diet overlap estimates were made for 9 combinations in 2001 and 15 combinations in 2002 (Table 6a ,b). Mean annual diet overlap estimates were made for 19 species-life stage combinations from diet overlap estimates determined when months were combined over both years (Table 6c) . Similar diet overlap results were obtained using all diet data combined (1999 to 2002; Table 6d ). Using diet overlap data collected at the monthly level, there was significantly higher diet overlap for species-life stage combinations that were within 100 mm average FL of each other than species life stages that were greater or less than 100 mm average FL of each other (MannWhitney; U = 94.5, p = 0.0227).
To avoid redundancy, null-model diet overlap results will be presented starting with young-of-the-year Atlantic sharpnose sharks and moving from left to right in the overlap matrix. For example, simulations between young-of-the-year Atlantic sharpnose sharks and all other species-life stages will be presented in the young-of-the-year Atlantic sharpnose shark paragraph. Individual numbers within parentheses represent the number of times an observed overlap value was compared to the null model for a particular combination.
For all comparisons, young-of-the-year Atlantic sharpnose sharks showed very low diet overlap (Schoener's overlap index < 0.6; Table 6 ). Null-model simulations were performed for young-of-the-year Atlantic sharpnose sharks versus all other species-life stages. Out of 9 null-model simulations performed, 7 were lower than expected. Of those 7, one was significantly lower (vs young-of-the-year blacktip sharks; p = 0.046) and the other was not statistically different than expected.
Juvenile Atlantic sharpnose sharks showed low diet overlap (< 0.6) for all comparisons except versus juvenile blacktip sharks when all years were combined to calculate diet overlap (Table 6d ). Nullmodel simulations were performed for juvenile Atlantic sharpnose sharks versus adult Atlantic sharpnose sharks (1 simulation), young-of-the-year (1) and juvenile blacktip sharks (1), and juvenile finetooth sharks. Two out of 4 values from null-model simulations were lower than expected. None of the observed diet overlap values were significantly higher or lower than random.
Adult Atlantic sharpnose sharks showed very high diet overlap with young-of-the-year blacktip sharks and borderline diet overlap with other Carcharhinus spp. life stages (Table 6b,c). All 10 observed diet overlap values for adult Atlantic sharpnose sharks versus young-of-the-year (3) and juvenile blacktip sharks (3), juvenile finetooth sharks (3), and juvenile spinner sharks (1) were higher than the null-model. Three Young-of-the-year blacktip sharks had borderline to high diet overlap with other Carcharhinus spp. life stages (Table 6 ). Out of 14 null-model simulations performed for young-of-the-year blacktip sharks versus juvenile blacktip sharks (6), juvenile finetooth sharks (6), and juvenile spinner sharks (2), 12 observed values were higher than the null-model. Three observed diet overlap values were significantly higher: 2 versus juvenile blacktip sharks (p = 0.033, p = 0.029) and 1 versus juvenile finetooth sharks (p = 0.034). The remainder were not significantly different than expected.
Juvenile blacktip, juvenile finetooth, and juvenile spinner sharks had very high diet overlap with each other (Table 6 ). All 8 observed diet overlap values for juvenile blacktip sharks versus juvenile finetooth sharks (6) and juvenile spinner sharks (2) were higher than expected. Two observed diet overlap values were significantly higher than expected: 1 versus juvenile finetooth sharks (p < 0.001) and 1 versus juvenile spinner sharks (p = 0.043). The remainder were not significantly different than random. Both observed diet overlap values for juvenile finetooth sharks versus juvenile spinner sharks were higher than expected, and 1 was significantly higher than random (p < 0.001). The other was not significantly higher or lower than expected. 
Habitat overlap
Mean seasonal habitat overlap between all specieslife stage combinations were calculated for 9 dates in the spring, 21 dates in the summer, and 10 dates in the fall (Fig. 3) . The capture of different species-life stages in the same gillnet set on a given day was infrequent for nearly all combinations throughout all seasons in all years. Out of 40 dates that comparisons were made, high mean overlap (Schoener's overlap index equal to or greater than 0.6) occurred 6 times out of 63 combinations.
In the spring, 19 out of 21 mean habitat overlap values were biologically low (< 0.6). The 2 mean habitat overlap values that were higher than 0.6 in the spring were young-ofthe-year blacktip sharks versus juvenile spinner sharks and juvenile blacktip sharks versus juvenile finetooth sharks (1.00 and 0.612 respectively; Fig. 3a) . Using spring data, a total of 17 independent null-model simulations were performed for young-of-theyear Atlantic sharpnose sharks, 15 for juvenile Atlantic sharpnose sharks, 20 for adult Atlantic sharpnose sharks, 7 for young-ofthe-year blacktip sharks, 9 for juvenile blacktip sharks, and 2 for juvenile finetooth sharks. Of 70 observed habitat overlap values in the spring, 69 were not significantly different than the expected mean. One simulation performed for young-of-the-year versus adult Atlantic sharpnose sharks was significantly higher than random (p < 0.01).
In the summer, 20 out of 21 mean habitat overlap values were biologically low (< 0.6). Juvenile finetooth sharks versus juvenile spinner sharks was the only combination that showed biologically high overlap (0.797; Fig. 3b ). Using summer data, 51 independent null-model simulations were performed for young-of-the-year Atlantic sharpnose sharks, 35 for juvenile Atlantic sharpnose sharks, 54 for adult Atlantic sharpnose sharks, 39 for young-of-the-year blacktip sharks, 23 for juvenile blacktip sharks, and 8 for juvenile finetooth sharks. Of the 210 observed habitat overlap values in the summer, 202 were not significant from the nullmodel. Of the 8 that were significant, 5 were higher and 3 were lower (all p < 0.001).
In the fall, 18 out of 21 mean habitat overlap values were biologically low (< 0.6; Fig. 3c ). Juvenile spinner sharks showed biologically high mean habitat overlap with young-of-theyear blacktip sharks (0.676) and young-of-theyear Atlantic sharpnose sharks (0.900). Youngof-the-year Atlantic sharpnose sharks also showed high mean habitat overlap with juvenile Atlantic sharpnose sharks (0.834). Using fall data, 14 independent null-models were performed for young-of-theyear Atlantic sharpnose sharks, 14 for juvenile Atlantic sharpnose sharks, 9 for adult Atlantic sharpnose sharks, 15 for young-of-the-year blacktip sharks, 9 for juvenile blacktip sharks, and 6 for juvenile finetooth sharks. Of the 67 observed habitat overlap values in the fall, 61 were non-significant. Of the 6 that were significant, 3 were significantly higher and 3 were significantly lower (all p < 0.007). 
Prey size analysis
Predictive equations
Over 2500 fish representing 30 species in 12 families ranging in size from 28 to 650 mm total length were collected as potential prey. Regressions relating external morphological measurements to total or fork length for 5 significant prey items were all highly significant (p < 0.0001), having r 2 values ranging from 0.83 to 0.98 (Table 7) . Regressions from measurements of total sagittal otolith weight were more variable than those using other measurements. The use of predictive equations increased the size information available for prey items by an order of magnitude.
Prey size selectivity
Length frequency distributions of Brevoortia spp., Micropogonias undulatus, and Stellifer lanceolatus found in Atlantic sharpnose, blacktip, and finetooth shark stomachs were compared separately to the frequency distributions of lengths collected by the NMFS sampling gear and by the NMFS and FMRI sampling gear combined. Atlantic sharpnose (Fig. 4a ) and finetooth sharks (Fig. 4c) trended towards negative size-selectivity for Brevoortia spp. using the NMFS length data, but the comparisons were nonsignificant (Atlantic sharpnose sharks, p = 0.2250; finetooth sharks, p = 0.3821); neutral size-selectivity for Brevoortia spp. was observed when all length data were combined (Atlantic sharpnose sharks, p = 0.9721; finetooth sharks, p = 0.6759). Blacktip sharks (Fig. 4b) showed neutral size-selectivity for Brevoortia spp. (NMFS data, p = 0.8509; NMFS/FMRI data, p = 0.8462). The small Brevoortia spp. taken inside the bay by FMRI were rarely found in finetooth shark stomachs, and never found in Atlantic sharpnose or blacktip shark stomachs. Using the combined length data, size selectivity for M. undulatus by Atlantic sharpnose sharks was negative ( Fig. 4d; (Table 7) . Atlantic sharpnose sharks showed marginally significant negative size selectivity for S. lanceolatus ( Fig. 4f ; p = 0.0571), but blacktip shark size-selection was positive ( Fig. 4g ; p < 0.0001).
Prey size-predator size relationships
Absolute prey sizes increased significantly with increasing FL for Atlantic sharpnose and blacktip sharks (Fig. 5) . As predator FL increased, both the maximum and minimum prey size consumed by Atlantic sharpnose increase significantly (Fig. 5a) . For blacktip sharks, the maximum prey size consumed showed significant increase with increasing shark FL and the minimum prey size consumed showed only a marginal increase (Fig. 5b) . The elation of prey size to finetooth shark FL was not significant for any regression. This was probably due to low sample size.
Atlantic sharpnose, blacktip, and finetooth sharks all consumed prey that were small fractions of their length (Fig. 6 ). Over 60% of the diets of Atlantic sharpnose and finetooth sharks consisted of prey that were less than 20% of their length (Fig. 6a,c) . In contrast, blacktip sharks incorporated relatively larger prey in its diet; 58% of blacktip shark diet consisted of prey that was more than 20% of its length (Fig. 6b) . No shark diet consisted of relatively large prey; all prey were less than 36% of shark length. Relative prey size (prey size-predator size ratio plotted vs predator length) demonstrated a significant declining trend with increasing predator size for all 3 sharks (Fig. 7) . Atlantic sharpnose sharks showed a decrease in the range of relative prey sizes taken with increasing body size (quantiles converged ;  Fig. 7a) ; however, blacktip sharks showed no change in range of relative prey sizes taken with increasing body size (quantiles parallel; Fig. 7b ). This relationship was not examined for finetooth sharks due to low sample size (Fig. 7c) .
DISCUSSION
This study represents the first attempt at quantifying the diets, diet overlap, and habitat overlap of early-life stages of several shark species. For finetooth and spinner sharks, this represents the first quantitative information on foraging ecology. Additionally, the sizestructured predator-prey data presented here are some of the first for these sharks and their teleost prey. Table 7 . Least squares regression equations relating prey length to prey measurements for 5 significant teleost prey items in the diets of the shark species-life stages. Prey items are listed in alphabetical order according to their family and scientific name. FL = fork length (mm); TL = total length (mm). Prey measurements were: BD = body depth (mm), CPD = caudal peduncle depth (mm), SOL = snout to operculum length (mm), and TOW = total otolith weight (g). Syx = standard error of regression coefficient; r-squared values = coefficients of determination; N = number of fish measured. All regressions are highly significant (p < 0.0001)
Feeding habits
Atlantic sharpnose sharks were largely piscivorous; however, prey types found in this study were somewhat different than teleost prey types found in other studies. For example, Barry (2002) examined 54 young-of-theyear and juvenile Atlantic sharpnose sharks from Terrebonne Bay, Louisiana, and found Brevoortia patronus to be the most important prey item (43.09%IRI). Shrimp and squid were also important prey items (10.19%IRI and 2.55%IRI, respectively), but sciaenids were absent from the diet. Gelsleichter et al. (1999) examined stomachs from 208 (mostly adult) Atlantic sharpnose from the Mid-Atlantic Bight and concluded that teleost prey made up a significant portion of the diet (mostly paralichthyid flounder; 64%IRI), followed by crustaceans (mostly portunids; 34%IRI). These observed differences in diet may be due to methodology and/or prey availability by region. For example, Barry (2002) excluded stomachs that contained only otoliths (which were included in this study) while Gelsleichter et al. (1999) sampled sharks obtained from longlines only. In addition, flatfishes, which may be a more common prey item in the Mid-Atlantic bight, were absent from the diet of Atlantic sharpnose sharks and did not appear in any collection of prey sampling.
As with Atlantic sharpnose sharks, blacktip shark prey types and their importance differed by study. Heupel & Hueter (2002) examined 693 juvenile blacktip shark stomachs from Terra Ceia Bay, Florida, and (a-g) Negative stippled bars = distribution data found in shark stomachs found sparids (mostly Lagodon rhomboides; 28.7%IRI), clupeids (mostly Opisthonema oglinum; 22.7%IRI), sciaenids (mostly Bairdiella chrysoura; 13.2%IRI), and haemulids (mostly Orthopristis chrysoptera; 13.8%IRI) as the most important teleosts in the diet. Barry (2002) examined 353 young-of-the-year and juvenile blacktip sharks from Terrebonne Bay, Louisiana, and reported Brevoortia patronus (74.79%IRI) and sciaenids (mostly Micropogonias undulatus, 14.84%IRI) as the most common teleosts in the diet. The lack of sparids in blacktip shark stomachs in this study is likely attributed to regional diet differences. Again, differences in the importance of sciaenids in this study and Barry's (2002) study are more likely due to his elimination of otoliths from the dietary analysis.
Quantitative diet information for the finetooth and spinner shark has not been published. Castro (1993) published descriptive diet data for the finetooth shark in the northwest Atlantic off the coasts of South Carolina and Daytona Beach, Florida, and found teleosts (Brevoortia tyrannus, Leiostomus xanthurus, Scom- beromorus maculatus, and Mugil sp.) to be the primary prey. Stevens & McLoughlin (1991) published a diet description for the spinner shark from the southwest Pacific Ocean and noted pelagic teleost fish to occur in the diets most often. In this study, juvenile finetooth and spinner sharks fed almost entirely on menhaden and showed no ontogenetic shift in diet. Net-feeding most likely did not bias the diet indices. Sciaenids were found more frequently fresh than digested in the diets, but, in general, sciaenids were seldom collected in the gillnets (45 of 232 sciaenids collected from gillnet sets in 1999 to 2002). If any netfeeding occurred, the influence on the diet indices was likely minimal because it was infrequent (e.g. 64 fresh vs 526 digested prey items found in the stomachs). Moreover, teleost species commonly collected in large numbers as bycatch in the gillnets (e.g. gafftopsail catfish Bagre marinus, and Spanish mackerel Scomberomorus maculatus) were seldom, if ever, seen in the diets.
Unlike many teleosts that feed on plankton and invertebrates early in life and are exclusively piscivorous later in life (Popova 1978) , Atlantic sharpnose, blacktip, finetooth, and spinner sharks found in Apalachicola Bay, Florida, are capable of feeding on fish from birth. However, ontogenetic shifts in prey type were observed for Atlantic sharpnose and blacktip sharks. Atlantic sharpnose sharks shifted from crustaceans and sciaenids (sharks 235 to 330 mm FL) to sciaenids and other epibenthic fish (sharks 499 to 700 mm FL), and then to Brevoortia spp., sciaenids, and crustaceans (sharks 670 to 865 mm FL). Blacktip sharks shifted from sciaenids and other epibenthic fish (sharks 445 to 590 mm FL) to almost exclusively Brevoortia species (sharks 620 to 1030 mm FL). Ontogenetic shifts in diet are not uncommon and have been observed in lemon sharks Negaprion brevirostris (Cortés & Gruber 1990) , tiger sharks Galeocerdo cuvier , Galapagos sharks Carcharhinus galapagensis , starspotteddogfish Mustelus manazo (Yamaguchi & Taniuchi 2000) , dusky sharks Carcharhinus obscurus (Simpfendorfer et al. 2001) , and sevengill sharks Notorhynchus cepedianus (Ebert 2002) . In this study, the diet shift may be attributed to larger Atlantic sharpnose and blacktip sharks being capable of capturing faster, pelagic prey. However, there appears to be an upper limit to the types and sizes of prey that these sharks can take; relatively large bluefish Pomatomus saltatrix, Spanish mackerel Scomberomorus maculatus, Florida pompano Trachinotus carolinus, and other elasmobranchs were collected in this system, but were never observed in the diets.
Dietary overlap
Shark size should be taken into account when developing hypotheses in elasmobranch resource partition- ing studies. Although diet overlap was low for most species-life stage comparisons, diet overlap was generally higher for species-life stages that were similar in size (within 100 mm FL of each other). Significant diet overlap was observed between juvenile blacktip, finetooth, and spinner sharks. Adult Atlantic sharpnose sharks showed borderline significant overlap with these species-life stages as well. On average, these 4 species-life stages are very close in size (770, 778, 640, and 776 mm FL, respectively) . Observed diet overlap was high between juvenile Atlantic sharpnose and young-of-the-year blacktip sharks when overlap was calculated using combined diet data (1999 to 2002) . These 2 species-life stages are also close in average size (607 and 523 mm FL, respectively). Observed diet overlap was very low between youngof-the-year Atlantic sharpnose sharks and every other species-life stage. Young-of-the-year Atlantic sharpnose sharks are on average 300+ mm FL smaller than juvenile Atlantic sharpnose and young-of-the-year blacktip sharks and 500+ mm FL smaller than the other species-life stages. Diet overlap between species of sharks has rarely been determined; however, these findings are supported by the 2 comparative feeding ecology studies that examined elasmobranch diet by size. Ellis et al. (1996) examined the diets of 6 species of shark (from 4 families) and 4 species of rajid ray in the northeastern Atlantic Ocean and found diet overlap to be higher between species of similar size and morphology. Platell et al. (1998) examined diet overlap between 4 Australian stingarees (Urolophidae) and concluded that highest dietary overlap occurred between similar size classes of species.
Habitat overlap
Within the sampling area, there are no clear microhabitats available for juvenile shark species (e.g. seagrass beds, sand flats, or tidal lagoons). Benthic habitat on the gulf-side of St. Vincent Island is generally uniform and characterized by a mix of clay, sand, and mud over a limestone bottom (Livingston 1984) . For this study, habitat overlap is calculated using proportions of a gillnet set as the resource state. Looking at habitat overlap in this manner provides a snapshot of resource overlap in time and space and tests hypotheses regarding sharks species in the same place at the same time.
Shark species-life stages showed low habitat overlap on the spatial and temporal scale of a gillnet set. It is unknown how these results compare to other elasmobranch assemblages because no other studies have examined habitat overlap between different species of sharks at the same time. Low habitat overlap values could result from sharks using separate areas or using the same area at different times. Catch data suggests young-of-the-year Atlantic sharpnose sharks recruit over a short duration from offshore pupping areas in April to inshore, protected bays in May and June. Of the 201 young-of-the-year Atlantic sharpnose sharks collected for this study, 179 of those were collected in May 2002. Of those 179, 161 were collected in one particular gillnet set on 30 May 2002. The infrequent catch or absence of young-of-the-year Atlantic sharpnose sharks from all other gillnet sets made in Apalachicola Bay, Florida, throughout the season could be an indication that this smaller species-life stage uses the gulf side of St. Vincent Island for a very short period of time, preferring the inner areas of the bay for protection from predators until reaching a larger size. The frequent catch of young-of-the-year Atlantic sharpnose sharks in gillnet sets made in other protected, shallow bays may provide more evidence that this species-life stage prefers a more enclosed habitat (Carlson & Brusher 1999) .
Like diet overlap, the degree of habitat overlap may also be dependent on size of the different species-life stages. Juvenile blacktip, finetooth, and spinner sharks in Apalachicola Bay had borderline habitat overlap across all months. Young-of-the-year Atlantic sharpnose sharks had borderline to low habitat overlap with all other species-life stages. Tiger sharks Galeocerdo cuvier have also been shown to segregate by size; juvenile tiger sharks are nocturnal, bottom-feeders while adults feed both at the surface during the day and at the bottom at night .
There are 2 main restrictions to the habitat overlap analysis performed in this study. First, the majority of sampling was done between 08:00 and 17:00 h, causing habitat overlap at other times during the diel cycle to be missed. Three 24 h sampling trips were attempted in 2002, but because of inclement weather, only 1 trip was successful in sampling throughout the entire diel cycle. On 13 June, blacktip and finetooth made up 74% of the target species catch during the day and Atlantic sharpnose made up 100% of the target species catch at night. Spinner sharks were not caught on this date. These results are preliminary and more nocturnal sampling needs to be done to confirm use of the same areas by different species at different times over the diel cycle.
The second caveat to the habitat analysis is that the sampling was restricted to the gulf-side of St. Vincent Island, but sharks could also be using habitat inside Apalachicola Bay. The occurrence of angiosperms in shark stomachs may be an indication that these early life stages are moving into and out of the bay. Submerged vegetation is located on the bayside of St. George Island and at the mouth of the Apalachicola River (Apalachicola Bay Benthic Mapping, Protected Areas Geographic Information System [PAGIS] project, www.csc.noaa.gov/pagis/html/apa_act.htm). Leopard sharks Triakis semifasciata in Tomales Bay, California, have been shown to move toward the inner bay with the incoming tide and toward the outer bay with the outgoing tide, also showing greater movement at night compared to day (Ackerman et al. 2000) . In the future, ultrasonic telemetry techniques (see Sundström et al. 2001 and references therein) should be used to determine activity space and habitat use of these shark species on a finer scale.
Prey size analysis
Studies on teleost piscivores have shown that they select for small-sized prey (Juanes 1994) . Size-selective feeding has not been well studied for shark species. Among sharks that generally feed on benthic invertebrates, Cortés et al. (1996) found that bonnethead sharks Sphyrna tiburo in the southeast Gulf of Mexico preyed mainly upon relatively small-sized blue crab Callinectes sapidus. Although no size-selectivity analysis was performed, Heupel & Hueter (2002) concluded that types and sizes of teleosts collected using fish traps were representative of prey types and sizes found in blacktip shark stomachs in Terra Ceia Bay, Florida. In this study, the only negative size-selection found was for Atlantic sharpnose shark feeding on Micropogonias undulatus. Negative size selectivity was not found in any other comparison.
While the absolute prey size consumed by Atlantic sharpnose and blacktip sharks increased significantly with increasing shark size, the range of absolute prey only increased slightly. Scharf et al. (2000) found that the range in absolute prey sizes increased dramatically with increasing predator size for 18 of the piscivorous marine predators they examined, 4 of which were elasmobranchs. Ontogenetic changes in median prey size eaten by Atlantic sharpnose and blacktip sharks were due to increases in maximum and minimum prey size consumed. At comparable sizes throughout their life stages, blacktip sharks are capable of taking larger prey than Atlantic sharpnose sharks. This could be an indication that blacktip shark gape size is larger than Atlantic sharpnose shark or that blacktip sharks are simply better at capturing larger, faster prey. Gape measurements were initially attempted in this study, but were not pursued due to difficulty and variability in measurement (i.e. sacrificed sharks became rigid quickly).
Diets of elasmobranchs studied here consist of relatively small prey. Scharf et al. (2000) found that over 75% of the elasmobranch diets examined consisted of prey that was less than 20% of their length. Frequency distributions of prey size-predator size ratios for Atlantic sharpnose and finetooth sharks compare well with ratio distributions for elasmobranchs in Scharf et al. (2000) ; however, prey size-predator size ratios for blacktip sharks do not. Blacktip sharks compare well with teleost predators from Scharf et al. (2000) that take considerable amounts of intermediate-sized prey while still feeding on small-sized prey (e.g. pollock Pollachius virens, and windowpane flounder Scophthalmus aquosus). Scharf et al. (2000) found that ontogenetic trophic niche breadth decreased for large predators (> 500 mm). Trophic niche breadth decreased as Atlantic sharpnose sharks increased in size, but remained relatively constant as blacktip sharks increased in size. The lack of a decrease in trophic niche breadth in blacktip sharks may be due the differences in species foraging habits and/or swimming ability. Blacktip sharks have been observed breaching the surface to chase prey (J. K. Carlson & D. M. Bethea, NMFS PC Laboratory, pers. obs.).
A caveat to prey size analysis in this study was the inability to catch all available prey sizes due to sizeselective gear bias. Three types of sampling gear (larger-meshed gillnet, smaller-meshed gillnet, and otter trawl) were used to control for gear bias; however, the gear were not always used at the same time and/or not used for the entire study period. For future research, sampling methods that capture all prey types and sizes available should be used simultaneously and throughout the study period.
CONCLUSIONS
Are these sharks competing for available resources? Similar-sized species-life stages had moderate diet overlap. As a highly productive estuary (Livingston & Joyce 1977 , Livingston 1983 , it could be that food resources (e.g. Brevoortia spp.) are not limiting in the Apalachicola Bay system. However, if diet resources are limited, using different resource axes such as space or time could reduce competition pressure between shark species. Evidence for this is provided by the observed low habitat overlap. More intensive and finer-scale monitoring, such as diel gillnet sampling (both inside and outside the bay) and the use of telemetry, is needed to fully understand temporal and spatial habitat use patterns among these early life stages.
In addition to quantifying resource overlap within one nursery area, comparing growth rates of sharks among several proposed nursery areas with different shark assemblages could be used to test for competition. A species-life stage with a relatively low growth rate in one nursery may be experiencing higher competition for available resources compared to that same species with a relatively higher growth rate in another nursery. When fed a diet of teleosts in the laboratory, young-of-the-year Atlantic sharpnose sharks grew almost 3 times as fast than when fed a diet of crustaceans (T. Lankford & N. Sanscrainte, University of North Carolina Wilmington, pers. comm.). Stomach contents of Atlantic sharpnose sharks from other nursery areas should be examined for differences in diet. In other nursery areas, young-of-the-year Atlantic sharpnose sharks may feed more on teleosts and less on crustaceans due to a decrease in competition for teleost resources (and/or decreased threat of predators).
The development of Fisheries Ecosystem Plans, management plans that require the consideration of all biotic, abiotic, and human-related interactions with the target stock, have been recommended (NMFS 1999b); however, predator-prey relationships for early life stages of many sharks remain relatively unknown (NMFS 1999a) . The prey of Atlantic sharpnose, blacktip, finetooth, and spinner sharks that are also important resource species in this area include menhaden, Atlantic croaker, and shrimp. Quantifying the links among these sharks and the links between these sharks and resource species are critical for ecosystem modeling and a key step to a broader approach in fisheries management.
